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Projekt ma charakter zakladného vyskumu. Vzhladom na to, Ze sa zaobera proteinmi a ich
modifikaciami, ktoré priamo suvisia so zavaznymi fudskymi ochoreniami ako su rakovina a
neurodegenerativne choroby, napomaha lepSiemu pochopeniu patologickych stavov
spojenych s tymito chorobami.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Mitochondrie predstavuju esencialne organely eukaryotickych buniek, ktorych nespravna
funkcia je ¢asto spajana so zavaznymi ludskymi ochoreniami ako rakovina a
neurodegenerativne ochorenia. V tychto patologickych procesoch velmi délezitu ulohu
zohrava proteolyza a posttranslacné modifikacie proteinov. Ciefom projektu bolo
charakterizovat' potencialne substraty mitochondrialnej Lon proteazy a vplyv
posttranslaénych modifikacii na samotnu proteazu Lon a jej vybrané substraty. Tento ciel sa
nam pocas trvania projektu podarilo spinit. Identifikovali sme potencialne substraty fudskej a
kvasinkovej Lon proteazy nachadzajuce sa v mitochondrialnom nukleoide a ribozéme.
Podrobnejsie in vitro Studie ukazali, ze vybrané kvasinkové proteiny Mgm101 a Abf2, ako aj
ludské proteiny Twinkle helikaza a ribozomalny protein MrpL32, su rozpoznavané a
Stiepené Lon proteazou. Zo studii dalej vyplyva, Ze regulacia hladiny sledovanych proteinov
zohrava vyznamnu ulohu pri stabilizacii a dynamike mitochondrialneho nukleoidu.

Za uCelom charakterizacie dalSich substratov Lon proteazy sme pomocou proteomickej
analyzy Studovali mitochondrie kvasinky S. cerevisiae izolované z kmeriov s réznym
genetickym pozadim: standardného typu, mutantov v proteolytickom a ATPazovom mieste
Lon proteazy a lon deleéného kmena. Proteomicka analyza ukazala, Ze viaceré proteiny
ovplyvnené Lon proteazou su sucastou komplexov dychacieho retazca, Fe-S klastrov,
metabolickych drah a membranovych proteinov. Nasledne sme sa blizSie venovali zmenam
aktivity komplexov dychacieho retazca a zistili sme, zZe v kvasinke S. cerevisiae Lon
protedza vyrazne ovplyviiuje aktivitu viacerych z tychto komplexov.

Za ucelom charakterizacie vplyvu posttranslaénych modifikacii na mitochondrialne proteiny
sme exprimovali, izolovali a charakterizovali viaceré fosforylované verzie proteinu TFAM v
oblastiach zodpovednych za vazbu na DNA (HMG box | a HMG box II) pripravené zamenou
serinu za fosfoserin a tyrozinu za nehydrolyzovatelny analég fosfotyrozinu (pCMF).
Sledovali sme vazbu fosforylovanych verzii TFAM na DNA, ako aj ich rozpoznavanie a
Stiepenie fudskou Lon proteazou. Ukazalo sa, ze TFAM mutanty v oblasti HMG box | su
nestabilné a dochadza k Specifickému Stiepeniu uz po€as expresie v E. coli. Pripravili sme
tiez vytypované fosfomimikujuce mutanty Lon proteazy nahradou prislusného tyrozinu za
glutamat resp. za fenylalanin ako negativnu kontrolu, alebo zamenou sledovaného tyrozinu
za nehydrolyzovatelny analég fosfotyrozinu (pCMF). Ukazalo sa, Ze aj ked mutacie
neovplyviuju multimérnu $truktiru Lon protedzy, vyrazne vplyvaju na jej aktivitu. Uspedne
sme klonovali, exprimovali a izolovali aktivne kinazové domény vybranych tyrozin kinaz,
ktoré sme pouZili v in vitro fosforylaénych reakciach vybranych mitochondrialnych
substratov. Vo viacerych pripadoch sme pomocou Western blotu a MS analyzy potvrdili ich
fosforylaciu.

V ramci projektu bolo Skolenych pat doktorandiek a pat’ diplomantiek, ktoré uspeSne obhajili
svoje diplomové prace. Vysledky ziskané v ramci projektu boli zhrnuté v troch vedeckych
pracach publikovanych v zahrani¢nych recenzovanych a karentovanych vedeckych
Casopisoch a jednom editoriali a prezentované formou deviatich prednasok (z toho 5
pozvanych) a 14 posterov na domacich a zahrani¢nych konferenciach.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Mitochondria are essential eukaryotic organelles, whose dysfunction is often associated with
severe human diseases like cancer and neurodegenerative disorders. Proteolysis and post-
translational protein modifications play an important role in the pathogenesis of such
processes. The aim of the project was to characterize the potential substrates of
mitochondrial ATP-dependent protease Lon and the effects of post-translational
modifications on Lon protease itself as well as its mitochondrial substrates.

The main goals of the project were successfully fulfilled. We have identified several
substrates of human and yeast Lon protease from among the proteins associated with
mitochondrial nucleoids and ribosomes. The more detailed in vitro studies have shown that
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yeast proteins Mgm101 and Abf2, as well as human helicase Twinkle and the ribosomal
protein MrpL32, were recognized by Lon protease and digested in Lon-mediated proteolysis.
Moreover, we have found that the regulation of the levels of studied proteins could play an
important role in the overall stability and the dynamics of mitochondrial nucleoids. To closely
characterize other Lon protease substrates, a proteomic analysis of various S. cerevisiae
mitochondria (wild-type, mutants in Lon proteolytic and ATPase domain and a lon deletion
mutant) was performed. These analyses have shown that several proteins affected by the
presence of active Lon protease belonged to the respiratory chain complexes, Fe-S clusters,
various metabolic pathways and membrane proteins. Particularly, we have focused on
changes in the activity of respiratory chain complexes and we have found that, in S.
cerevisiae, Lon significantly affected several of them.

To characterize the effect of post-translational modifications on mitochondrial proteins, we
expressed, isolated and characterized several phosphorylated versions of TFAM with
modified amino acids particularly residing in the regions responsible for its DNA binding
(HMG box | and HMG box II), which were prepared by the amino-acid exchange. A serine
residue was replaced by a phosphoserine, and a tyrosine exchanged for a nonhydrolyzable
analogue of phosphotyrosine (pCMF). We have studied the binding of TFAM phospho-
versions to DNA, as well as their recognition and digestion by human Lon protease. Here,
we have found that TFAM HMG box | mutants were largely unstable and a seemingly
specific cleavage has occurred already during the expression in E. coli. We have also
prepared phospho-mimicking Lon mutants by replacing a chosen tyrosine with glutamate
and phenylalanine as a negative control, and by replacing the tyrosine residue with a
nonhydrolyzable analogue of phosphotyrosine (pCMF). It has been shown that although
these mutations did not alter the multimeric structure of Lon protease, they significantly
affected its activity. We have successfully cloned, expressed, and isolated active kinase
domains of several tyrosine kinases, which were then used in in vitro phosphorylation
reactions of various mitochondrial substrates. Western blotting and MS analysis have
confirmed phosphorylation of several of them.

Within the project period, five PhD students and five graduate students, who successfully
defended their diploma theses, were trained. The results obtained within the project were
published in three scientific papers published in foreign peer-reviewed and CC scientific
journals and one editorial, as well as presented in the form of nine lectures (incl. 5 invited)
and 14 posters at several domestic and foreign conferences.
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